Background: In Puerto Rico, prostate cancer (PC) has the highest incidence and level of mortality. PC screening is performed using the standard prostatic-specific antigen (PSA) test with a cut-off value of 4.0 ng/mL. However, the standard PSA test is very controversial because it is subject to false positives and negatives. Purpose: To establish a new interpretation of the standard PSA test based on the strong correlation between total serum PSA and tumor volume. Patients and Methods: A PSA database of 21,980 Puerto Rican men (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) with proven PC was provided by the Puerto Rico Cancer Center Register (PRCCR). A statistical analysis was conducted for the entire PC population divided into two categories i) age and PSA ranges and ii) diagnostic year, age ranges, and PSA ranges. The weighted first percentiles of the PSA ranges were used to define three PSA cut-off values related to small, intermediate, and large tumor volumes. Further, three baseline PSA weighted median values were calculated to enable better prognosis of PC. Results: Three PSA cut-off values of 2.1 ng/mL, 6 ng/mL, and 10.5 ng/mL were found related to small (1.0 cc), intermediate (2.8 cc), and large (5.0 cc) PC tumor volumes, respectively. PSA values greater than the weighted median values of 3.1 ng/mL, 7 ng/mL, were associated with increased risks of tumors growing from small to intermediate and from intermediate to large size, respectively. A PSA value greater than 14.1 ng/mL was related to metastasis. Conclusion: In this research, we have found a new interpretation of the PSA test based on PSA cut-off values correlated to small, intermediate, and large prostate cancer tumor volumes. The set of these results together with the weighted PSA median values enhance the usefulness of the standard PSA test and provide a tool for a better decision-making and treatment.
Introduction
In Puerto Rico, prostate cancer (PC) has the highest incidence and level of mortality of any type of cancer. In 2018, Globocan 1 reported 2810 new PC cases and 505 deaths in Puerto Rico. At the global level, Puerto Rico is the country with the eighth highest rate of PC. Certainly, PC is an epidemic disease on the Island. Worldwide the PC incidence ranks second after lung cancer, with 1,276,106 new cases in 2018. Thus, the diagnosis and prognosis of PC are of paramount importance. Although a biopsy is the standard definitive medical procedure for detecting PC, a less invasive approach is to measure the total prostate-specific antigen (PSA) levels in the blood. In fact, since 1986, a clinical PSA test approved by the US Food & Drug Administration (FDA) has recommended a serum total PSA of 4.0 ng/mL as a cut-off value for PC. Unfortunately, it is well known that the standard PSA test lacks specificity and may lead to overdiagnosis and overtreatment. To improve the standard PSA test, different additional and complementary procedures with mixed results have been suggested, including i) rectal examination (DRE), ii) PSA velocity, iii) free and total PSA, iv) PSA density, v) age-specific PSA reference ranges, and vi) PSA cut-off values for different ethnic groups. Meanwhile, several serological and pathologic PC biomarkers are being developed. Among them, one of the most promising is the Prostatic Health Index 2,3 (PHI). However, the original PSA test cannot
be disregarded yet due to its extensive use in developing countries, low price, and easy availability. In this paper, our main objective is achieving a better interpretation of the standard PSA test based on three PSA cut-off level values associated with small, intermediate, and large tumor volumes localized in the prostate. These PSA cut-off values together with three weighted PSA median values define seven PSA regions useful for better diagnosis and prognosis of PC.
This research was exempt from IRB review (under category 4) because PSA data accessed from the PRCCR is freely available.
Materials and Methods
In Puerto Rico, it is mandatory to report any cancer diagnosis to the Puerto Rico Central Cancer Registry (PRCCR). In 2016, we carried out the first PSA statistical study of 16,305 Puerto Rican male prostate cancer patients. 4 In this paper, we expand on that study using a PSA database provided by the PRCCR (spanning from 2004 to 2015) of 21,980 Puerto Rican men with proven PC. For this research, the Puerto Rican PC patient population was divided into two cohorts. First, they were grouped into five-year spans (40-44 years to 80-84 years). Then, each age group was divided into six subgroups according to its PSA value (Table 1) . Second, Puerto Rican PC patients were grouped based on their diagnostic year from 2004 to 2015. For each diagnostic year, ten agerange (40-44 years to 85+years) subgroups were formed. Then, for each age range a subgroup of six PSA ranges was formed. For space reasons we only included data of two years 2004 and 2015 in this paper ( Table 2 ). All the data of the remaining years are available to the interested readers. Next, we have used the fact that there is a strong correlation between total PSA and PC tumor volumes to establish age-specific PSA reference ranges for small, intermediate, and large tumors volumes. For instance, the first two PSA subgroups (0.1 ng/mL ≤PSA≤ 3.8 ng/mL and 3.8 ng/mL ≤ PSA<5.2 ng/mL) are associated with a small tumor volume. The next two PSA subgroups (5.2 ng/ mL ≤PSA <7.0 ng/mL and 7.0 ng/mL≤ PSA<10.5 ng/) are associated with intermediate tumor volumes, and finally the PSA subgroup is related to a large tumor (10.5 ng/mL ≤ PSA< 26 ng/mL). To obtain the PSA cut-off value for a small tumor volume, we retrieved from Table 1 the 1st percentile PSA value (eighth column) for each age range and PSA ranges 0.1 ng/mL ≤ PSA<3.8 ng/mL, and 3.8 ng/mL≤ PSA<5.2ng/mL (second column). Then, the first percentile was weighted with the number of cases (third column). In a similar manner, to obtain the PSA cut-off value related to an intermediate tumor we used the PSA ranges 5.2 ng/mL≤PSA<7 ng/mL and 7 ng/mL<PSA< 10.5 ng/mL and repeated all the steps described above. To define the first PSA cut-off value associated with a large tumor volume, we used the PSA range 10ng/mL<PSA< 26 ng/mL. For the weighted PSA median, we used the same procedure described for the first weighted percentile. Tables 1 and 2 summarize our statistical results. Notice that in Table 1 , for 0.1ng/mL ≤PSA<3.8 ng/mL, the PSA median and mean values decrease when the age range increases. This is contrary to the popular belief that the PSA values always increase with age. In fact, only for PSA values in the range of or greater than 5.2 ng/mL≤PSA< 7.0 ng/mL do the median or mean values increase or maintain the same value as age increases. Figure 1 shows a right-skewed histogram with a 1-bin size and an outlier to the right. Figure 2 shows the same histogram but with a 4-bin size. A histogram for PSA values less than or equal to 4 ng/mL is shown in Figure 3 . The number of Puerto Rican men with proven PC and with a PSA less or equal to 4 ng/mL is 4070, or 18.51% of the total 21,980 Puerto Rican men with proven PC in the period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Interestingly, Figure 3 shows that the number of cases with a PSA value of 0.5 ng/mL (2.6% of the total population) is greater than the number of cases with PSA values of 1ng/mL, 1.5ng/mL, 2.0 ng/mL, 2.5 ng/mL, and 3.0 ng/mL. Figures 4 and 5 show in percentages the number of cases in each age range and year of diagnosis, Figure 4) . Meanwhile, the greatest number of cases is localized in the 65-69 age range. 
Results

Discussion
It is well known that not PC is not the only cause of elevated PSA levels. Prostatitis and benign prostatic hyperplasia (BPH) also have this effect. However, past studies have shown that there is only a small percentage of men who have PC and either or both diseases concurrently. Thus, the contamination of these diseases in the PRCCR data is negligible. Although the PRCCR database does not discriminate between Puerto Rico-born or nonPuerto Rico-born men living in Puerto Rico, the Institute of Statistics of Puerto Rico 5 reports that only 3.56% of men between 45 and 85 years living on the island are nonPuerto Rican. Figures 1 and 2 show a right-skewed histogram with an outlier (427). Interestingly, the PSA distribution has two behaviors before and after a PSA value of 4 ng/mL. In the first case, the number of PC patients decreased from 580 (0.5 ng/mL) to 350 (2 ng/mL) and then increased to about 720 (4 ng/mL). After 4 ng/mL it diminished rapidly from 5230 (4 ng/mL) to 46 (<98 ng/mL). Figure 4 shows that the greater number of PC cases occurs in the 65-69 age range (23.8%). Figure 5 shows that the PC cases increased from 7.9% in 2008 to 10.2% in 2012. However, from 2012 to 2015 the number of PC cases decreased from 10.2% to 7.7%. This may be explained for the economic crisis of these years. In fact, the Census Bureau's Community 6 estimated that between 2011 and 2012 about 55,000 residents migrated from the Island to the mainland. Figure 3 shows that the number of PC patients with a PSA ≤ 4 ng/mL is about 18.5% of the overall population of Puerto Rican PC patients (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . This is in agreement with the Prostate Cancer Prevention Trial 7 (PCPT), which reports that 15% of men with a PSA ≤4ng/mL have prostate cancer. Figure 6 shows that PSA cut-off values (green=2.1ng/mL, blue=6.0 ng/mL, and red=10.5 ng/mL) of years 2004 (solid line) and 2015 (dashed line). Figure 7 shows our main result. Namely, the PSA cutoffs (solid lines) and the PSA weighted median (dashed lines; green=3.1 ng/mL, blue=7.0 ng/mL, and red=14 ng/mL). Notice that a PSA cut-off value of 2.5 ng/mL has been recently recommended by the National Comprehensive Cancer Network 8 in the United States and the Goteborg trial. 9 This value must be compared with the PSA cut-off value (2.1 ng/mL) we obtained for a small tumor volume. A strong correlation between preoperative total PSA and tumor volume (V T ) was found by Carvalhal et-al. Figure 7 ) found in this paper for the same purpose.
Conclusion
On the basis of a PSA statistical study of 21,980 Puerto Rican men with proven PC (2004-2015), we have enhanced the interpretation of the standard PSAtest. Instead of the standard cut-off value of 4.0 ng/mL we found three PSA-cutoff values related to low, intermediate, and high risk of PC. The proposed age-specific PSA-cutoff reference range (Table 1) is crucial for PC diagnosis and treatment. In addition, to obtain a better understanding of PC over time, we found three PSA weighted medians and defined seven PSA regions (Figure 7) . Each of these PSA regions has an interpretation from active surveillance to metastasis.
The results of this research suggest a new PSA test protocol. Any Puerto-Rican men age forty or older should take a PSA test at least annually. The PSA value and the respective age are plotted in Figure 7 to determine which of the seven PSA regions (Figure 7 ) they are initially located within. Then, using the yearly PSA data, the patient and urologist together can monitor its evolution of the levels over the years and take appropriate medical measures measurements to control and manage the disease, if needed.
Although the results of this research are strictly valid only for men in Puerto Rico, they could be replicated in other countries with PC patients of different ethnicities. 
